Purpose: To investigate choroidal involvement in acute posterior multifocal placoid pigment epitheliopathy (APMPPE).
A cute posterior multifocal placoid pigment epitheliopathy (APMPPE), first described by Gass in 1968, 1 is characterized by an acute decrease in visual acuity in young adults that can heal without treatment in weeks to months. 2 These patients develop multiple yellow-white deep placoid lesions that pigment over time, leaving well-demarcated alternating areas of focal retinal pigment epithelium (RPE) atrophy and proliferation, often with ultimate improvement in vision. Given the location of the acute lesions and residual changes in the RPE, primary inflammation of the RPE, as well as the underlying choroidal vasculature, have been postulated to explain these lesions. 3, 4 The etiology of this inflammation remains unknown; however, an immune-driven reaction preceding viral illness or vaccination has been suggested. 5 On fluorescein angiography (FA), active lesions in APMPPE demonstrate early hypofluorescence with late hyperfluoresence due to leakage. 6 In subacute and healed APMPPE lesions, the late fluorescein leakage Supported by Research to Prevent Blindness, NY (Department of Ophthalmology, Northwestern University) and NIH DP3DK108248 (AAF). Optovue Inc, provided support in the form of providing the optical coherence tomography angiography instrument. The sponsor or funding organizations had no role in the design or conduct of this research.
None of the authors has any conflicting interests to disclose. Reprint requests: Amani A. Fawzi, MD, Department of Ophthalmology, Feinberg School of Medicine, Northwestern University, 645 North Michigan Avenue, Suite 440, Chicago, IL 60611; e-mail: afawzimd@gmail.com disappears while RPE pigmentary changes lead to FA transmission defects. Similarly, indocyanine green angiography (ICGA) shows early hypocyanescence in active lesions with normalization of ICGA as APMPPE lesions heal. 7 However, unlike FA, large choroidal vessels are visualized within active lesions during early ICGA and late hypercyanescence does not develop. 8 Although these ICGA findings have been interpreted as indicating a choroidal origin to the APMPPE lesions, the alternative hypothesis suggesting RPE origin (and potential ICGA signal attenuation by swollen RPE) remains viable. 9 Additional characterization of the structural changes seen in APMPPE is needed to delineate the pathogenesis of this disease. Optical coherence tomography angiography (OCTA) is a noninvasive imaging modality that visualizes the retinal vasculature by detecting signal decorrelation between successive OCT B-scans due to blood flow motion. OCTA offers advantages over other angiographic modalities in that it is dyeless and can resolve fine detail of the retinal vasculature in three dimensions. OCTA has been used to evaluate numerous retinal diseases leading to better understanding of the pathogenesis of these diseases including diabetic retinopathy, 10 age-related macular degeneration, 11 retinal vessel occlusion, 12 and central serous chorioretinopathy. 13 Additionally, OCTA offers a promising noninvasive tool to detect and monitor retinal diseases safer and faster than other angiographic modalities. In the present study, we set out to further elucidate choroidal involvement during acute and healed APMPPE to explore choroidal findings on OCTA.
Methods

Study Sample
This was a retrospective observational case series of consecutive patients with APMPPE seen between June 2015 and June 2016 at two institutions: Feinberg School of Medicine at Northwestern University in Chicago, Illinois and Massachusetts Eye and Ear at Harvard University in Boston, Massachusetts. Patients underwent complete ophthalmologic examination during acute presentation and after the acute phase of the disease had healed. Complete ophthalmologic examination included high-quality color fundus photographs (Topcon Medical Systems Inc, Oakland, NJ), infrared reflectance (IR), and fundus autofluorescence (488 nm excitation, Spectralis HRA + OCT; Heidelberg Engineering Inc, Dossenheim, Germany). The study protocol was approved by the Institutional Review Boards of Northwestern University and Massachusetts Eye and Ear. This research followed the tenets of the Declaration of Helsinki.
Image Acquisition
The OCTA images were obtained using the RTVue-XR Avanti system (Optovue Inc, Femont, California) with split-spectrum amplitude-decorrelation angiography software. An A-scan rate of 70,000 scans per second was used with a light source centered on 840 nm and a bandwidth of 45 nm. Both 3-mm · 3-mm and 6-mm · 6-mm scanning areas, centered on the fovea were obtained. Two consecutive B-scans (M-B frames), each containing 304 A-scans were captured at each sampling location and split-spectrum amplitude-decorrelation angiography was used to extract OCTA information. En face OCT angiograms were segmented using the built-in software algorithm to define superficial and deep capillary plexus, choriocapillaris, and the outer retina.
Results
Case 1
A 21-year-old man presented with "white dots" in the central vision of both eyes over 3 days. One week before presentation, the patient developed a headache described as a general dull aching pain all over his head. Five days before presentation, the patient was diagnosed with sinusitis and was started on Augmentin. He denied blurred vision, eye pain, or floaters. Review of systems was negative for fevers, rash, joint pain, and insect bites. He had no family history of ocular or autoimmune disease.
On examination his visual acuity was 20/25 in both eyes. There was mild anterior chamber reaction in both eyes, but no vitritis. Ophthalmoscopy showed multiple hypopigmented yellow subretinal lesions in the posterior pole. At initial presentation, OCT revealed ellipsoid zone disruptions in the macula bilaterally with overlying hyperreflectivity in the outer retina, corresponding to the lesions seen clinically. An infectious and autoimmune workup was negative. Due to his headaches, magnetic resonance imaging and magnetic resonance angiography were obtained and were normal. Two months after initial presentation, OCTA segmented at the level of the choriocapillaris revealed areas of hypointense circular flow voids clustered in groups surrounded by either isointense or hyperintense signal background. These flow voids correlated with areas of healed episodes of APMPPE seen on IR ( Figure 1 ).
Case 2
A 28-year-old woman presented with bright shimmering that interfered with her vision for 3 weeks, left greater than right. She also noticed a central scotoma in her left eye that developed at the same time as the bright shimmering. Visual acuity was 20/25 in the right "eye" and 20/200 in the left eye. Slit-lamp examination showed no signs of inflammation.
One year after initial presentation, IR showed pigmentary changes in both eyes. Fundus autofluorescence revealed mostly hypoautofluorescence in a speckled pattern with focal spots of hyperautofluoresence, suggesting healed lesions in both eyes. The OCT in the right eye showed residual damage to the ellipsoid zone and outer retinal elements. The OCTA of the choriocapillaris showed hypointense flow voids surrounded by either isointense or hyperintense background ( Figure 2 ). Larger hypointense lesions were observed in the left eye that correlated with zones of healed APMPPE seen on IR. Point-bypoint evaluation revealed no pattern of alignment between the smaller OCTA flow void lesions and RPE thickening or focal pigmentary changes, suggesting these observed OCTA changes were not related to shadow artifact ( Figure 3 ).
Case 3
A 46-year-old woman presented with redness and photophobia. Three months before presentation, the patient reported an episode of blurry vision with left metamorphopsia. One month later, the patient developed pain, redness, and photophobia in the same eye. Best-corrected visual acuity was 20/25 in the right eye and 20/50 in the left eye.
Slit-lamp examination from the initial presentation revealed mild cells in the anterior chamber and trace vitreous cells in the left eye. The OCTA of acute APMPPE lesions showed significant signal attenuation underlying outer retinal and RPE hyperreflectivity, precluding unbiased assessment of choroidal and choriocapillaris flow in these areas of low signal ( Figure 4A ). Eight months after initial presentation, fundus photographs showed healed APMPPE lesions with pigmentary changes in both eyes. The OCT showed residual damage to the ellipsoid and outer retinal elements with some irregularity in the RPE. The OCTA of the choriocapillaris showed hypointense flow voids surrounded by either isointense or hyperintense background ( Figure 5 ).
Case 4
A 36-year-old woman with a history of APMPPE presented with a blind spot in her right eye for 10 days. Her ocular history was consistent with APMPPE in her left eye, which was diagnosed 9 years previously. At that time, she had extensive workup including a lumbar puncture and brain magnetic resonance imaging, which were normal. She denied any recent illness or sick contacts. She was a veterinarian by profession but denied any contact with sick animals for the past 2 months. She denied any headaches or neurological symptoms. On examination, visual acuity was 20/20 in her right eye and 20/150 in her left eye. Biomicroscopy examination revealed a normal anterior segment and vitreous in both eyes. A white-gray placoid lesion was seen nasal to the fovea with some pigmentary change temporal to the fovea. Left eye fundoscopy revealed pigmentary changes with hypopigmentation in the macula. At initial presentation, OCT of the right eye revealed ellipsoid zone disruption nasal and temporal to the fovea with overlying hyperreflectivity in the outer retina, corresponding to the lesion seen clinically. The OCT of the left eye revealed diffuse disruption of the ellipsoid zone. The FA revealed hypofluorescence over the lesion nasal to the fovea with late staining in addition to patchy areas of hyperfluorescence corresponding to old lesions that were not apparent on clinical examination in the right eye. There were window defects on FA corresponding to old lesions in the left eye. The OCTA of the choriocapillaris at the initial visit revealed minimal choroidal signal attenuation, with the appearance of absent flow signal in the choriocapillaris both underlying the outer retinal lesion and extending beyond the OCT lesion, suggesting that choriocapillaris involvement may extend beyond the OCT outer retinal involvement ( Figure 4B ). An infectious and autoimmune workup was negative. Three months later, her vision was unchanged and on examination, the acute lesion nasal to the fovea had healed. The OCT in the right eye revealed improvement in the ellipsoid zone disruption with overlying hyperreflectivity. The OCTA of the choriocapillaris revealed hypointense flow voids surrounded by either isointense or hyperintense background ( Figure 6 ).
Case 5
A 41-year-old man with a history of APMPPE presented with a scotoma in his vision for 1 month.
His best-corrected visual acuity was 20/20 in the right eye and 20/25 in the left eye. This patient had a history of recurrent APMPPE initially presenting in 2002 with 11 documented previous recurrences and multiple additional scotomas for which he did not obtain care. Recurrences of APMPPE beyond the first few weeks of disease onset (Table 1) are rare and this patient has been reported by us in detail. 14 Slit-lamp examination showed no signs of inflammation. At initial presentation, IR in the right eye showed pigmentary changes with similar findings in the left eye. Fundus autofluorescence in the right eye showed areas of speckled hypoautofluorescence. The OCT revealed irregularities of the RPE and outer retinal elements in both eyes. One month after initial presentation, OCTA of the choriocapillaris revealed areas of hypointense circular flow voids clustered in groups surrounded by either isointense or hyperintense signal background (Figure 7) .
Discussion
In the present study, five cases of APMPPE were evaluated with OCTA revealing choriocapillaris flow abnormalities underlying acute and healed APMPPE lesions. In acute lesions, there was significant loss of choriocapillaris flow, whereas healed lesions showed distinct small vascular flow channels with intervening no-flow zones, which appeared different compared with surrounding unaffected zones of the choriocapillaris. There have been five previous single case studies and one case series of patients diagnosed with APMPPE imaged on OCTA during acute presentation, but none of these studies commented on the recovery of blood flow on OCTA after lesions healed. [15] [16] [17] [18] [19] [20] Maier et al describe a 32-year-old woman with episodic photosensitivity, subsequently diagnosed with APMPPE. The OCTA images obtained in the acute period revealed dense low flow areas in the choriocapillaris that corresponded to ICGA findings. Follow-up imaging revealed partial recovery of the choriocapillaris. However, OCTA imaging was only performed with 6-mm · 6-mm scanning area, which has a lower resolution with the potential to underestimate choriocapillaris changes. Park et al described a woman in her mid-to late-20s with blurry vision in her left eye after a viral prodrome. Patchy hypoperfusion of the choriocapillaris and Sattler's layer was seen on phase-resolved OCT, corresponding to areas of photoreceptor and RPE irregularity on OCT. This group felt that the OCTA findings did not correspond to overlying RPE changes, although they did not provide supporting evidence.
In the five cases presented here, OCTA imaging was obtained acutely and after healing of acute APMPPE lesions. Given the presence of RPE inflammation and intraretinal opacities at the level of the outer nuclear layer in most of the acute lesions, we found it was difficult to conclusively resolve the choroidal vasculature through overlying RPE thickening and inflammatory changes. Of the five cases, we identified only one APMPPE lesion with choriocapillaris flow deficit extending outside the visible intraretinal lesion, not associated with overall signal attenuation ( Figure 4B ), similar to previous reports. 19, 20 Using current OCTA analysis protocols, it is impossible to differentiate attenuated signal related to acute APMPPE lesions (whether RPE thickening or outer retinal hyperreflectivity) from primary choriocapillaris nonperfusion on OCTA. However, we did find evidence of a single acute lesion with choroidal flow deficits in the absence of overlying outer retina or RPE changes. The finding of OCTA choroidal flow attenuation beyond the visible retinal involvement has been described previously by Rosa Dolz-Marco et al and Klufas et al. 19, 20 We observed projection artifacts and signal attenuation from chronic RPE thickening and pigmentary changes leading to hypointense lesions on en face OCT of the RPE of acute and subacute lesions. These outer retinal changes cast distinct shadow artifacts on the choriocapillaris (Figure 3 ). These cases illustrate the importance of considering information from en face OCT as well as OCTA simultaneously, to differentiate between signal attenuation artifacts and true flow deficits on OCTA. Based on this information and given the attenuation of the signal in the setting of intraretinal opacities and the resulting difficulty of examining the choroid underneath these intense artifacts, we chose to carefully study eyes acutely as well as after healing of the acute APMPPE lesions to better characterize the pathological findings in the underlying choroidal vasculature.
Two major theories of the pathogenesis of APMPPE have been debated. The first, proposed by Gass, suggests inflammation of the RPE and outer retina that manifests as placoid lesions during the acute phase. 1 The FA finding of hypofluorescence of these lesions is interpreted as masking of the underlying choroidal fluorescence. The second theory, proposed by Van Buskirk suggests that choroidal vasculitis leads to partial occlusion of the choriocapillaris in these eyes. 3, 4 In turn, disruption of choroidal blood flow causes secondary ischemia of the overlying RPE and outer retina that manifests as placoid lesions. The ability to visualize large choroidal vessels on ICGA in areas of acute lesions makes the possibility of blocked cyanescence by the RPE less likely and support the second theory. Subacute lesions with choroidal flow deficits on FA without structural OCT or autofluorescence findings have been previously identified, most recently by Mrejen et al. 21 Furthermore, an incomplete overlap between acute lesions and areas of hypoautofluorescence (and RPE changes) provides further evidence for a primarily choroidal disease. However, inconsistencies remain in the interpretation of the ICGA findings including the lack of correlation between the hypocyanescence and choroidal anatomy. 9 Unfortunately, no histologic samples have been reported of active APMPPE lesions leaving imaging to differentiate these theories. Choriocapillaris nonperfusion has been noted in numerous diseases including hypertension, disseminated intravascular coagulation, amyloidosis, and multiple vasculitides. OCTA has been used to observe choriocapillaris nonperfusion in other retinal diseases including age-related macular degeneration with geographic atrophy and reticular pseudodrusen, 22 choroideremia, 23 and Stargardt disease. 24 We found that automated segmentation at the level of the choriocapillaris in regions of APMPPE lesions revealed discrete black avascular zones. Our group has observed similar findings in age-related macular degeneration in areas with reticular pseudodrusen. 22 These avascular zones with intervening distinct capillary networks suggest the visualization of a medium-diameter vessel network that we propose is Sattler's layer. These areas represent absent choriocapillaris flow with increased visibility of the underlying preserved Sattler's layer, normally not seen on OCTA. The preservation of the medium-sized capillary network would be consistent with frequent recovery of RPE and photoreceptors that we have recently documented in APMPPE. 25 These areas may be susceptible, with continued insult, to progress to complete choroidal vascular loss and subsequent RPE atrophy. However, in the setting of APMPPE, a mild and potentially transient choroidal insult may not be sufficient to cause complete RPE and photoreceptor atrophy, instead leaving mild RPE irregularities and reversible photoreceptor changes. 25 It is possible that in APMPPE, isolated disruption to the choriocapillaris leaves the choroid in a sufficiently functional state to largely maintain the RPE/photoreceptor integrity.
Limitations
This study has important limitations. As with any new imaging technology, the interpretation and utility of OCTA remains a subject of debate. OCTA is susceptible to numerous imaging artifacts that have the potential to affect clinical interpretation. 26 Given known changes in the RPE after resolution of active APMPPE lesions, we took special care to consider shadowing and projection artifacts when interpreting changes in the underlying choroid (Figure 3) . However, our group and others have observed similar choroidal changes in diseases that do not affect the RPE, making projection artifacts less likely to explain our findings. Although there is ongoing research to develop software to minimize imaging artifacts; for now, interpretation of OCTA should be done with the understanding of the inherent potential for artifacts.
Conclusions
In the present study, we provide further evidence of choriocapillaris flow abnormalities in acute and healed APMPPE lesions using OCTA. Our findings support decreased blood flow consistent with choriocapillaris changes leading to a primary ischemic insult to the RPE rather than a primary RPE inflammatory etiology. However, we cannot rule out the choriocapillaris changes being secondary to subclinical overlying RPE and retinal damage, not visible with autofluorescence or other imaging modalities. Our study shows recovery of choroidal flow, with appearance of distinct small-sized vascular channels with healing of the APMPPE lesions. Overall, the inability to completely visualize the choroidal flow in most acute lesions, as well as the lack of clear understanding of the pathogenesis, leaves residual uncertainty about the true course of RPE, retinal and choroidal injury in APMPPE. Further investigation of the pathogenesis of choriocapillaris injury in APMPPE is warranted.
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